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(54) PRODUCTION APPARATUS OF POLYCRYSTALUNE SILICON 

(57)Abstract 

PROBLEM TO BE SOLVED: To propose a new production apparatus of poly crystalline 
silicon capable of controlling a solidification rate of molten silicon in a mold by radiating 
heat from the bottom of the molding. 

SOLUTION: An upper chamber having a heater and a lower chamber having a cooler 
are separated by an insulation partition, and a mold stand is placed as moving up and 
down in a communicating opening of the upper chamber in which a part of the partition 
is opened, and the lower chamber, a cooling board is set up in the position which 
surrounds the elevating path of the stand in the lower chamber. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

"I.This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The manufacturing installation of the polycrystalline silicon characterized by to install a cooling plate in the location which 
arranges possible [ rise and fall of the table of mold ], and surrounds the rise-and-fall path of the above-mentioned table in a lower 
room, and to change in free passage opening of the up room and the lower room in which opening of some these septa carried out, and 
it formed while dividing with the septum by the heat insulator the up room which has a heating function, and the lower room which have 
a cooling function, 

[Claim 2] It is the manufacturing installation of the polycrystalline silicon characterized by a table consisting of the quality of the 
material with high thermal conductivity in claim 1. 

[Claim 3] The manufacturing installation of the polycrystalline silicon characterized by arranging a heat insulator in the base of a table 
in claims 1 or 2. 

[Claim 4] The manufacturing installation of the polycrystalline silicon characterized by the thickness of a table being thicker than the 
thickness of a septum in claim 1 thru/or either of 3. 

[Claim 5] the ratio of thickness t [ on claim 1 thru/or either of 4, and as opposed to the path d of a table ] — d/t — 5.0 Manufacturing 
installation of the polycrystalline silicon characterized by being the following. 

[Claim 6] The manufacturing installation of the polycrystalline silicon characterized by having arranged two or more thermometers for 
measuring this room temperature to the up interior of a room in claim 1 thru/or either of 5. 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] This invention, It is related with the manufacturing installation of the polycrystalline 

silicon used for a solar battery etc. 

[0002] 

[Description of the Prior Art] As for the polycrystalline silicon mainly used for a solar battery, it is common to cool gradually the silicon 
which dissolved within mold from the pars basilaris ossis occipitalis of mold, and to be manufactured from a mold pars basilaris ossis 
occipitalis by the technique of carrying out one direction coagulation in the upper part. 

[0003] for example, to JP,63-16671 1 ,A While a pars basilaris ossis occipitalis inserts in silicon in the mold which prepared the water- 
cooled chill plate possible [ rise and fall ] down the furnace which carried out opening, and has been arranged in a furnace and dissolves 
A water-cooled chill plate is raised to the base of mold, both are dropped with contact on mold and a water-cooled chill plate held, 
mold is moved out of a furnace, and the equipment which performs one direction coagulation of silicon here is indicated. 
[0004] Here, since it is effective to offer the polycrystalline silicon which has a big diameter of crystal grain in order to raise the 
conversion efficiency of a solar battery, especially in the manufacture, to control a coagulation rate by adjustment of the amount of 
cooling from a mold pars basilaris ossis occipitalis appropriately is desired. However, since equipment given in the above-mentioned 
official report has the description in the place which mainly speeds up [ of an ingot / coagulation ], it is difficult for it to control a 
coagulation rate by adjustment of the amount of cooling delicately. Since cooling arises also from a mold side attachment wall here in 
order that a furnace wall without a heating element and a mold side attachment wall may face each other and heat balance especially 
collapses when mold is descended to the above-mentioned official report with the technique of a publication, control of a coagulation 
rate becomes very difficult Therefore, it was difficult to avoid that a detailed organization generates so much near the mold pars 
basilaris ossis occipitalis. 

[0005] In addition, as adjustment of the amount of cooling from mold, the quality of the material of a water-cooled chill plate can be 
chosen, or the means of arranging inclusion, such as a heat insulator for changing heat conduction between both between mold and a 
water-cooled chill plate, can be considered. However, since the former needs to change the quality of the material for every 
coagulation rate which carries out expected, it is very uneconomical, and it is difficult for the latter to control a coagulation rate on the 
other hand, since the thermal conductivity between mold and a water-cooled chill plate is easily changed with load fluctuation of mold, 
or use of multiple times. 

[0006] Moreover, it becomes a problem that there is disadvantage to which the complicated activity of setting a thermocouple for 
every heat although installing a thermocouple in JP,10-130088,A at several places of the perimeter of an ingot, and controlling a 
coagulation rate is proposed is required, and a measurement error becomes large with the contact condition at the tip of a 
thermocouple or a location since the amount of cooling at the time of coagulation is still very smaller, and consumption of a 
thermocouple is also intense. 
[0007] 

[Problem(s) to be Solved by the Invention] Then, this invention solves many above-mentioned problems, and aims at what is proposed 
about the manufacturing installation of the polycrystalline silicon of new structure which can control the coagulation rate of the melting 
silicon in mold by cooling from the pars basilaris ossis occipitalis of mold appropriately. 
[0008] 

[Means for Solving the Problem] That is, the summary configuration of this invention is as follows. 

(1) The manufacturing installation of the polycrystalline silicon characterized by to install a cooling plate in the location which arranges 
possible [ rise and fall of the table of mold ], and surrounds the rise-and-fall path of the above-mentioned table in a lower room, and to 
change in free passage opening of the up room and the lower room in which opening of some these septa carried out, and it formed 
while dividing with the septum by the heat insulator the up room which has a heating function, and the lower room which have a cooling 
function. 

[0009] (2) Above (1) It is the manufacturing installation of the polycrystalline silicon which sets and is characterized by a table 
consisting of the quality of the material with high thermal conductivity. 

[0010] (3) Above (1) Or (2) Manufacturing installation of the polycrystalline silicon characterized by having set and arranging a heat 
insulator in the base of a table. 

[001 1] (4) Above (1) Or (3) Manufacturing installation of the polycrystalline silicon characterized by the thickness of a table being 
thicker than the thickness of a septum in either. 

[0012] (5) the above (1) Or (4) the ratio of thickness t [ on either and as opposed to the path d of a table ] — d/t — 5.0 Manufacturing 
installation of the polycrystalline silicon characterized by being the following. 

[0013] (6) Above (1) Or (5) Manufacturing installation of the polycrystalline silicon characterized by having arranged two or more 

thermometers for measuring this room temperature to the up interior of a room in either. 

[0014] 

[Embodiment of the Invention] Following, The manufacturing installation of this invention is explained to a detail with reference to a 
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drawing. That is, as the manufacturing installation of the polycrystalline silicon of this invention is shown in drawing 1 and drawing 2 , it 
has the two vertical structure divided with the heat insulator, and a batch changes by the septum 3 according that up room 1 and lower 
room 2 to a heat insulator. 

[0015] The up room 1 offers the heater 4 installed along with the internal surface. For example, since the up room 1 of the example of 
illustration is a rectangular parallelepiped-like, it covers five internal surfaces except the septum 3 used as the base at a heater 4, 
respectively, and changes. At these heaters 4, the interior of a room can be heated and held in a desired temperature ambient 
atmosphere, and the dissolution of silicon can be aimed at. 

[0016] Moreover, the septum 3 which constitutes the base of the up room 1 has mostly the free passage opening 5 of the up room 1 
and the lower room 2 which carried out opening to the shape of a rectangle and which were prepared for a center section in the part 
and the example of illustration. The free passage opening 5 and a flat-surface configuration are almost equivalent, and to this free 
passage opening 5, the table 6 which is thick from a septum 3 is arranged, and the table 6 is supported possible [ rise and fall ] with the 
elevator 7 which is prolonged in the lower room 2 from the outside of equipment and which makes a motor and an oil hydraulic cylinder 
a driving source. And mold 8 is put on a table 6, mold 8 is arranged in the up room 1, and the silicon 9 inserted in in mold 8 is dissolved. 

[0017] In addition, a table 6 is carbon with the high heat conductivity, and SiC. Or forming from ingredients, such as Cr, is desirable. 
What is necessary is just to be more than 40 kcal/m-h and ** as thermal conductivity. That is, in case cooling is carried out from the 
pars basilaris ossis occipitalis of mold 8 through a table 6, in order that it is necessary to perform cooling equally to mold 8 base, 
therefore a table 6 may achieve rectification-ization of cooling like the after—mentioned, the heat conductivity is high and it is desirable 
to constitute from an ingredient with heat-resistant high temperature which makes carbon the example of a type moreover. 
[0018] Moreover, it is desirable that thickness t of a table 6 is thicker than the thickness of a septum 3. Because, in order to solidify 
dissolved silicon If the thickness of a table 6 is smaller than the thickness of a septum 3 the place which it is necessary to descend 
[ place ] a table 6 in the lower room 2, and needs to make the side-attachment-wall section 6a meet the below-mentioned cooling 
plate As a result of exposing mold 8 to the cooling region in the lower room 2 at the time of descent of a table 6 and also producing 
cooling from the side attachment wall of mold 8, it is because one direction coagulation becomes difficult. Therefore, it is necessary to 
make thickness t of a table 6 thicker than the thickness of a septum 3. 

[0019] the ratio of thickness t [ as opposed to / similarly / the path d of a table 6 ] — d/t — 5.0 It is desirable that it is the following. 
That is, d/t is 5.0. If it surpasses, the rectification by the table at the time of cooling being carried out from a mold inferior surface of 
tongue will become inadequate. Consequently, a coagulation interface serves as a concave, the residual stress by the setting expansion 
of silicon arises from the heterogeneity of the last coagulation by ingot upper limit, and it becomes easy to generate a crack in an ingot 
Therefore, it is d/t 5.0 Regulating below is desirable. In addition, the path d of a table 6 points out a projected area diameter, when a 
table is a rectangle-like, and when a table is a circle configuration, it points out the path. 

[0020] Furthermore, since heat insulation between the up room 1 and the lower room 2 can be strengthened like the example of 
illustration when the table 6 is going up to the up room 1 side if a heat insulator 10 is arranged between a table 6 and an elevator 7, it 
is desirable. 

[0021] On the other hand, a cooling plate 1 1 is installed in the location surrounding the rise-and-fall path of the above-mentioned table 
6, and cooling of this rise-and-fall path is enabled at the lower room 2. ** — since homogeneity cooling from mold 8 pars basilaris 
ossis occipitalis is realized through this table 6 by exposing a table 6 to the partition surrounded with the cooling plate 1 1 like, the 
structure as equipment is very simple, and since the maintenance of equipment is also easy, reduction of the cost which maintenance 
takes at a construction list is possible for it as well as control of a coagulation rate being easy. 

[0022] In addition, what is necessary is just to form the cooling plate 1 1 with which in the case of the example of illustration the rise- 
and-fall path is surrounded since a table 6 is a rectangle over the 4th page so that the side face of a rectangular parallelepiped may be 
constituted. Therefore, if mold 8 and a table 6 are cylindrical, it is desirable to form a cooling plate 1 1 in the shape of a cylinder. In 
addition, the structure which lays piping of cooling water inside, for example, and carries out circulation supply of the cooling water 12 
as a cooling plate 1 1 suits advantageously. 

[0023] Furthermore, as for a cooling plate 11, it is desirable to make the inferior surface of tongue of a septum 3 contact, and to install. 
When a cooling plate 1 1 is contacted on the inferior surface of tongue of a septum 3, at the time of cooling from a table 6, ******** 
becomes that heat leakage other than cooling plate 1 1 does not have less, and it is because the amount of cooling from silicon can be 
correctly grasped from the temperature and the flow rate of the cooling water which passes a cooling plate 1 1. If this amount of cooling 
can be grasped correctly, coagulation control of melting silicon can be performed with high precision, and a good ingot can be produced. 
Therefore, when a cooling plate 1 1 is difficult for contact arrangement with the inferior surface of tongue of a septum 3, even if it is, as 
for the clearance between both, controlling to 10mm or less is advantageous. 

[0024] Next, the procedure at the time of manufacturing polycrystalline silicon using the manufacturing installation of this invention is 
explained concretely. First, as shown in drawing 1 , silicon 9 is dissolved by laying the mold 8 which inserted in silicon 9 on the table 6, 
and making temperature in the up room 1 higher than the melting point (about 1410 degrees C) of silicon. As for the temperature in the 
up room 1, it is desirable to control in the range higher enough than the melting point of silicon of 1450-1550 degrees C. 
[0025] Here, if the crystalline structure becomes detailed in the polycrystalline silicon for solar batteries, it is common that a solar- 
battery property deteriorates remarkably, and the detailed crystalline structure 5mm or less especially has a harmful path. That is, once 
a path arises, by the time a detailed organization 5mm or less will turn into the usual diameter organization of a large drop, a detailed 
organization will generate even from a mold pars basilaris ossis occipitalis to the height range of several 10mm, and this range must be 
excised as a defect part. 

[0026] Generation of a harmful detailed organization can be stopped in few range by making whenever [ this point and up room 1 
internal-temperature / at the time of the silicon dissolution ] into 1450 degrees C or more. This is because coagulation begins from 
from and control of this early coagulation rate becomes difficult, immediately after whenever [ up room 1 internal-temperature / at the 
time of the silicon dissolution ] starts cooling of a mold pars basilaris ossis occipitalis at less than 1450 degrees C. 

[0027] As a result of this silicon nitride's turning into silicon carbide and wettability with silicon becoming good on the other hand when 
applying silicon nitride to a mold wall as a remover first if whenever [ up room 1 internal-temperature / at the time of the silicon 
dissolution ] surpasses 1550 degrees C, there is a possibility that the function as a remover may disappear. Moreover, when a quartz is 
used for mold, there is a possibility that the deformation may surpass tolerance and it is not still more desirable from a viewpoint of 
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energy saving. 

[0028] As it is shown in drawing 2 subsequently to 1420-1440 degrees C after adjusting the temperature in the up room 1 preferably if 
silicon 9 is dissolved according to the above Descend a table 6, expose side-attachment-wall 6a of a table 6 in the lower room 1, and 
the temperature in the up room 1 has been held in the 1 420-1 440-degree C temperature region. By cooling (a void-among drawing 
arrow head shows) from this side-attachment-wall 6a, mold 8 pars basilaris ossis occipitalis is cooled, and one direction coagulation of 
the melting silicon is carried out toward the upper part from mold 8 pars basilaris ossis occipitalis. 

[0029] Here, it is desirable by making whenever [ after the silicon dissolution / up room 1 internal-temperature ] into 1420 degrees C 
or more to stop generation of a harmful detailed organization in few range. It is because the temperature gradient of the mold height 
direction of melting silicon becomes [ whenever / up room 1 internal-temperature / after the silicon dissolution ] small too much at 
less than 1420 degrees C and one direction coagulation becomes difficult. 

[0030] On the other hand, if whenever [ after the silicon dissolution / up room 1 interna I -temperature ] surpasses 1440 degrees C, the 
heat input from a mold side attachment wall will become large, the coagulation of the silicon by the side of a side attachment wall will 
be delayed, and a coagulation interface is not smooth, and a crack occurs [ as a result of becoming the convex type which swells in the 
center of mold, the last coagulation in an ingot edge becomes uneven, residual stress arises by the setting expansion of the silicon in 
this part, and ] immediately after the ejection after cutting or from mold. 

[0031] Furthermore, it is advantageous to restrict [h ] the temperature fall velocity in the up room 1 in 20 degrees C /or less from a 
viewpoint which controls generation of a harmful detailed organization in lowering the temperature in the up room 1 from the 
completion of the dissolution of silicon to a 1420-1440-degree C temperature region. 

[0032] If a table 6 is descended after adjusting the temperature in the up room 1 to the range of 1420-1440 degrees C in this way, it 
will enable side -attachment- wall 6a of a table 6 to be exposed in the lower room 1 and to cool mold 8 pars basilaris ossis occipitalis by 
cooling from this side-attachment-wall 6a. That is, since initial coagulation is easily controllable by adjustment of the exposure product 
of side-attachment- wall 6a, generation of a harmful detailed organization can be controlled by it. 

[0033] It hits descending a table 6 here and is the average lowering speed 1.0 mm/min It is desirable when controlling below controls 
generation of a harmful detailed organization. The amount of descent into the lower room 2 of a table 6 is 50-300mm in that case. 
Considering as the range is desirable from the same reason. Although descent of this table 6 can be performed by continuing or being 
intermittent with the elevators 7, such as an oil hydraulic cylinder, to the bottom of the above-mentioned suitable lowering speed and 
the amount of suitable descent, in the viewpoint of generation control of the further detailed organization to intermittence, it is 
desirable for the amount of descent not to surpass 5mm once. 

[0034] In addition, what is necessary is just to apply to the manufacturing installation which showed the control system shown in 
drawing 3 to drawing 1 and drawing 2 , in order to control to the optimum range which mentioned above the temperature in the up room 
1 and to control the amount of cooling from the table 6 in the lower room 2. Namely, as shown in d rawi ng 3 , insert and arrange the 
thermocouple 13 of a number suitably near each heater 4, measure the ambient temperature in the up room 1 using these 
thermocouples 13, input that measurement result into a computing element 14, and it sets to this computing element 14. The result of 
having measured measurement temperature and desired laying temperature is seasoned with the heater print-out from ammeter 4a of 
each heater 4, and voltmeter 4b. The output adjustment value over each heater 4 is determined, this output adjustment value is 
outputted to the power source (not shown) of each heater 4 from a controller 15, output adjustment of each heater 4 is performed, and 
whenever [ up room 1 internal-temperature ] is controlled. 

[0035] On the other hand, the amount of cooling from a table 6 can control the amount of cooling from a table 6 by measuring the 
temperature and the flow rate of cooling water 12 which are first supplied to a cooling plate 1 1 in thermometer 12a and flowmeter 12b, 
respectively, and adjusting the amount of descent and lowering speed of a table 6 in displacement gage 7a and motor 7b based on the 
result of having compared the measured value with the desired set point in the computing element 14. 

[0036] In addition, although it carried out to dropping a table with the above-mentioned operation gestalt after adjusting the 
temperature of the up interior of a room from the range of 1450-1550 degrees C to the range of 1420-1440 degrees C, you may 
descend a table, adjusting the temperature of the up interior of a room. Moreover, although the ambient temperature of the up interior 
of a room is measured with the thermocouple with the above-mentioned operation gestalt, it is also possible to use a radiation 
thermometer. 

[0037] Furthermore, although the above-mentioned operation gestalt showed the example which arranges one mold in an up room, it is 
good also as equipment which makes two or more ingots coincidence producible by arranging two or more mold to the up interior of a 
room, and performing the above-mentioned one direction coagulation combining the table which it goes up and down through free 
passage opening for every mold. 
[0038] 

[Effect of the Invention] Since suitable control of that coagulation rate is realized in case one direction coagulation of the melting 
silicon in mold is carried out by cooling from the pars basilaris ossis occipitalis of mold by using the equipment of this invention, when 
especially offering as a solar battery, the poly crystal line silicon of the quality which controlled generation of a fine crystal organization 
to the minimum, and was excellent which poses a problem can be manufactured. Moreover, since structure is simplified as compared 
with conventional equipment that actuation and maintenance are easy for the equipment of this invention, and reduction of the cost 
which maintenance takes at a construction list is possible for it. 
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DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] It is drawing showing the manufacturing installation of the polycrystalline silicon of this invention. 
[Drawing 2] It is drawing showing actuation of the manufacturing installation of polycrystalline silicon. 

[Drawing 3] It is drawing showing the control system in the manufacturing installation of the polycrystalline silicon of this invention. 
[Description of Notations] 

1 Up Room 

2 Lower Room 

3 Septum 

4 Heater 

5 Free Passage Opening 

6 Table 

7 Elevator 

8 Mold 

9 Silicon 

10 Heat Insulator 

11 Cooling Plate 

12 Cooling Water 

13 Thermocouple 

[Translation done.] 
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r. ■^©W3jW»tt©«3J:*)*>)»l>C4*1*«i-r 
-5»^*Sb b b-> 'J =1 >©SSB£^g. 

[0012] (5) ±ieci) tti>LC4) ©c^-r^*Hc*5i> 
r. jf^©adtcJt-r-5/»3 t©tfcd/t*i5.o«Tr 
* 4 c t *wm its ^^a^> 'J3> ©ui^a. 

[0013] (6) ±IB(l) &t->UC5) ©C^-T4T.*HCtel^ 
T. ±»Srt(C. tt*»*«!5£-r4A:«!>©a»©«JtS+ 

a. 

[0014] 



(3) 

3 

t, wwz&mb-cmmcmiirz. c©& 
wo&m&is <)z3><DM&mm\t, m 1 S012 jcs**- 
<k*>ic, mmttv&m2titc±.T2mm&z^L> -e© 

4fc-*4**tt*..S. S*W©±gp^ lWSt 

7W*tKT&&*>6. -€-©«M<!:fcSfiSSt3«:fiSK 5o© 

rtMM ; S:^n-etit:-$4-cg[o-c)Si. cn^t-* 10 

[ 0 0 1 6 ] *fc. 1 ©J6ffi?:«sS;-r^.PS!t3 

iJ, *©— *. Hi*fl|-CttK**»*. WAtftg^tC 
HPLtSWfc, ±SU^1 <hT8|5^2 <h©iIiIP5£|f 
C©ataP5CC«, 3fciIP5<t¥ffiffJtmil3:|B) 
^■C*^RS3 «fc 9 &/*#©* SB£ 6 £E«U Ha 

■;>^-*iB«)as<!:-r zmmi Wot, jm?ittgtc 

8 £ ±g|5^ 1 1*9 CC&K U MS! 8 FtyCJSA L fcf >; =1 > 
9©ig*S*tT5. 

[0 0 17] fcfc. K^6«, *MS«*©*C> t 
>. SiC *fe»*crtt<t©ttf436»€)«fiS-r4C<!:3&»»*L 
U„ LTti, 40kca1/m • h • 'CyUk&tlte 

-r^tt>%. ?*M©J:-5K:, K^6^/M--CilSI8 
©K**»6«tJKl-r*IR«:. *£L8^tc#tl,-c$ttR*:$i 

[0 0 18] K£r6©#3 t#P3i£3©/*3J:9 

5, PH£ 3 ©/?#<£ <3 «tT 6 ©J*##s^3 (, > <L , »£6 
©TP5B#tcSIM8AiTg|5^2P t 9©?^P^CWian-C 1 II 
Si 8 ©WJM*> h ©!£&&£ 0 -JofammiiWL 
<a**6-C*4. fifoT. K£6©#3 Ui|S§M3© 

[00 19] PISCC, K^6©Sd(C*t-T-5»3 t ©it 
d/t#5.0 lUTV*>ZCtiMtf9:U.>. f&fc^. d 
/t #5.0 *Ci5i, ISTP^SlSanJB©, 
«6«:j:4lSiilf^H**^+»<ttt*. ■*©»*. «Bf? 
ffl^DOStttO. -f>=""f h±aSt?©***i8B©W— 
ttfr 'J 3 >©<$§BH3S&c<fc *SSBj£^*i^ 0,-0 
=f», h tc £ 7 I, fit^T. d/t 

*5.0JiyTK:*»W4Ci3!UW*bl». ttfc. at? 6© 
id itt, B#j^»tK©«£ttPWIMiS*fSU »□ 

^R^K©«^a-c-©a«}ir. so 
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[0 02 0] 3 B^Wi^K, ■&6&ffK4l 

7 i ©muciwKittioiEii-rwi. 6 ai±s$* i w 
*r±#L rustic. ±«sgi <tTSP^2 <L©ra© 

[0 02 1 ] — TSB^2 CC{i. ±I2U/cE-^6©# 

*&ai*pjife£-r4. *«fc^tc. »aj«ii-cB*tifcKH 
»^8jggp^6©^i-»*PA 5 li3i-r^/ci*, «a<tL,r 

©«itiJ«*-Cffi5#RT*0, JKBaU£©Mfl*s&ft'C* 
[0 02 2] &*J, ia*tN©»^«, »&6#*§ff$-C#> 

■c. ns!8^a^6*in(gitt-c*n«, ^iPigm^RfS 

muW»ecfc^©CT*»Kl^*M3*i2*WH# 

*&-r4#«3W(ifWK:a^-r4. 

[0 02 3] 3 6(C, ##«UttH5M3©TffiK:igM3 
ig3©Tffi&tl£ji*3 SEt? 6 *>£©1£&B#, fcip 

®oit«i-^©»jsn*HiiXi ^ <tt9, ^ =" >#>6 

*£IEf8fC}EffiT#ftli. ^©SBSlJtai^ia 

■5>„ fi£r>r, ^iPSll*5F{5S3©Tffi<b©@WEK^It 
UC»lS^(C*,o-C^, M#ia©BfilBJ»10wnWT«Cffll*IJ-r 

[0 024] C©«K©««KK«:fflt.»-C^tea 

-> i ;n>*iis-r^ps©*)e«:-p^'c, jw*wccKwr 

•5. Bl 1 tC^-rJ:^^. KS6±4C->';a>9«: 

^AL/c«S8**gaL,. ±gp^ll*9©SS^'> , J3> 

©»£ (*>jx4io-c) «fc0iS<-r-5c<t«:j:-5-c 1 
>9^«?-r^. ±as^i rt©ss(J. ->-;3>©at^ 

cfcO 1450~1550°C©i5HCt$IJ®|-rSC <t 

[0025] cct, -^.mmmm^^ >) 3>rii. 

Z,<D1$- J&e<re*9 t i0fc>WS*S5mn«T©8»*ffi«:ife 

SU£SW» 6 Stl0mm©iS 3 IBffltC * r Sft«Bfflfil*^fi£ L . 
C©HBtt^JftSP#tLt:9JKHf 3*5 4»tt<3tc4. 
[0 02 6 ] C ©.£. =i>Sfl?B#©±g|5^ 1 |*Jfig 
«ri45orc«±«:r*c itcfc-^-c. W«&taiNDiffi«S©4 

>jSJSTO©±WSlrtiBJ«*ii45orc*j(S-Ctt. i#aJSgp 
©»»4:Mtel/fc*a* i e>JHi*i*6*'3. C©fi«W©» 
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[0 0 2 7 ] y a >«J*I#<Z>±»S 1 

[0 02 8] iBtCfSeoTt^y 3>9ti»Lfc&6 
J*, yCl^±W*l ftOlR*, Iff* L< 121420-1440 10 

CDSS^rl42O-l440°CcDaS^cCc^L/c^^. ttflJS 

[0029] c cr, =i>*»«<D±SPS l rtifiK 
ti42orc«±«:r*citej:-9r. 

y3>«»f«<D±»Sirt»K**i42ox;**'Ctt, &8k 20 
> y n ><D«m*8 *«I<DiSUJt^JE**^S < ft o -r * 

[0 0 3 0 ] — V "J ^ > jg#f*<D±6l® 1 

i44o o c£c*£<^ «KS«**i60AJ»^*<aor 
MM® ^> y a ><z>*H#ii» L/ . hmjWI tr a 

<D«t*iH*EF*— <b ft 0 . C <DS&#-C<7» y a ><D<g 

[0031] ^ mm^mmmcD^^nmr * 30 
^y a>o«i^T*6±wirt<D«aEt 

142a-1440°C<DM£*££ "CTCf 0 . ±5P^ 1 l*3"C 

<D»BmT«lS*20 o C/h «T«:*IIBM"4 C tW^m~C 
[0 03 2]^< LX±^m 1 rt<DS&£l420-1440°C 

CcJ:or»«8*W*»3»-r*Ci*^It8«:a*. "fft 

[0 03 3 ] CCt, S^6^rTPi-r^Cc^0. ^<D¥ 
EjTF*II$*l.O mro/min WTfcWflPT €> C WW 

•&6CDT^2F fc 5^CDTPf««. 5O~300ram <DttHt"r 



[0034] ft*5. ±sp^ i rtoitt*±aifc»m 
±s® i rt<D#H»as:*#j5e u . *<D»j®tt**fflij* 

Si4icA2JU c<D«J*Si4fc:*5i>r» fflSSSi^M 
<DNg@U* t £ thtt U /c*£mcc . fc - * 4 <D*i*W- 4 

b-*4Cc«T4W*W«i**?E0, COtU^iBIStt 
h n-^-is^6St-^4CD«^ (H^T) 
tttb^U St-dr4cr>a*BB8*!Tor, ±«Sirt 

[0 03 5 ]—*, *£6;fr6<D&f»»i. ^"T^iPS 

i2aaof«ami2btcr«su. *©*jsfi*»jwn4 

s+7 b{cr«#6 0T»JtacrFBatt 

[0 03 6 ] ftte, ±B©JOBK»rtt, ±9$^rt<DS 
K*1450— 1550°COffiffl^6l420— 1440°C<Dfiffl^P9SI 

[0 03 7] S 6«c, ±E<0SIIBI5J«TW, Jb»*te 1 
[003 8] 

^<Djs^^o^cc<tor*srto^iit^y a>* 
[B l ] C0*»©*M^U3>©Ri«I**1" 

[02] ^a^> y ^ ><Dis{jg^acDtt^*7n-ria'c 
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[@3] COJ^cD^lSJIv U ^^(DfgrfiRKteteW 
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